Abstract. In order to study the effect of excess air coefficient and heat load on the combustion of the furnace, a 130t/h corner-tube gas boiler was taken as the research object, and the combustion process of the furnace was simulated by CFD software. The combustion processes of the furnace under different excess air coefficients and different heat loads were numerically simulated respectively using the eddy-dissipation combustion model, the P-1 radiation model and the k-ε turbulence model. It provides numerical simulation reference for the design of the corner tube boiler. The results show that with the increase of the excess air coefficient, the flame length becomes shorter, the average temperature of the furnace decreases, and the outlet flue gas temperature decreases. Flame length is not affected by the change of heat load, but as the heat load decreases, the outlet flue gas temperature and the outlet flue gas velocity decrease.
Introduction
As an energy conversion device, boilers play an important role in economic development, especially in industry. The development and improvement of the boiler have a great influence on the development of the industry. The combustion process of a boiler is a complex process, including flow, mixing, combustion and heat transfer [1] . In order to understand the working process in the furnace, it is necessary to establish the turbulent flow, heat transfer and combustion model in the furnace reasonably to simulate the combustion. Through numerical simulation, extensive studies of variable parameters can be carried out conveniently. With the increasing proportion of natural gas in energy structure, domestic gas boilers have developed [2] rapidly. The corner-tube boiler has drawn the attention in the industry for their clean and efficient combustion technology. The corner-tube boiler is a kind of boiler with unique water cycle performance. [3] , which was invented by German hydraulic expert Vorkauf in 1944.
During the design of boiler, it includes the thermodynamic calculation, the strength calculation, the hydrodynamic calculation, the calculation of the smoke wind resistance and so on. The thermodynamic calculation can only provide the reference of the mean value of the data, and cannot reflect the internal distribution. Therefore, further analysis is needed by the means of numerical simulation. In this paper, the SF130-10/540-Q corner-tube gas boiler is used as the prototype, and the CFD software is used to simulate the actual size of the boiler. By changing excess air coefficient and heat load, the influence of excess air coefficient and load variation on combustion and flow of furnace is studied, so as to provide reference for the design and setting of the corner-tube boiler.
A Brief Introduction to the Calculation Model
In this paper, the SF130-10/540-Q corner-tube gas boiler is used as the prototype, and the general design of the boiler is shown in Figure 1 .
As shown in Figure 1 , the boiler furnace has a rectangular structure from the outlet of the burner to the slag coagulating pipe. The numerical simulation is carried out in this paper after modeling the actual size of the boiler furnace and burner. The furnace size parameters are long 15000mm, wide 6000mm and high 6172mm. There are two extension-type burners, which are arranged at the front wall of the furnace. The diameter of the gas nozzle is 80mm, the outer diameter of the ring air inlet is 1000mm, and the distance between the two burner centers is 2000mm. Figure 1 . General design drawing of SF130-10/540-Q angle tube gas boiler.
1-steam drum; 2-furnace; 3-descending tube; 4-slag coagulating pipe; 5-high temperature superheater; 6-boiler pipe bundle; 7-economizer; 8-air preheater; 9-burner.
The basic parameters of the boiler are shown in Table 1 . 
A brief Introduction to the Mathematical Model Basic Equations of Combustion Process
The differential equations describing the combustion flow field are as follows: Continuity equation:
(1) Momentum conservation equation: (4) , is viscous stress.
Standard K-epsilon Double Equation Model
The most widely used turbulence model is based on turbulent kinetic energy and diffusivity. The K equation is an exact equation, and the epsilon equation is an equation derived from an empirical formula.
(5)
In the equations, is the turbulent kinetic energy generated by laminar velocity gradient.
is the turbulent kinetic energy generated by buoyance. and .
Radiation Heat Transfer Model
The model of radiation heat transfer mainly includes Discrete Transfer (DTRM) model, P-1 model, S2S model, Rosseland model and Discrete Ordinates (DO) model. According to the size and calculation of the furnace of a corner-tube gas fired boiler, the P-1 radiation model is selected for the radiation heat transfer.
Boundary Conditions
(1) Gas inlet velocity:
is a gas inlet radius equal to 0.04 m. Therefore, the inlet velocity of natural gas is 329.827 m/s, and the gas temperature is 300K.
(2) Calculation of theoretical air quantity When the gas component is known, the theoretical air quantity [4] needed for combustion is calculated according to formula (8). (8) is theoretical air quantity; , , and are volume components of each combustibles in gas; is volumetric components of oxygen in gas. Therefore, the theoretical air volume of methane combustion can be calculated to be 9.524 Nm3/ Nm3.
(3) Air inlet velocity:
is the gas inlet radius; is the air inlet radius; is the excess air coefficient; The air temperature is 453K. Under different excess air coefficients, the velocity of gas and air inlet is shown in Table 2 .
The inlet velocities of gas and air are shown in Table 3 under different loads when . Table 2 . Inlet velocity of gas and air at different . 
Results and Discussions The Effect of Excess Air Coefficient on Combustion
Because the furnace is a three-dimensional model. The furnace is symmetrical about a certain cross section, which goes through the center of the two burners and is parallel to the depth of the furnace.
Therefore, this section is selected to study in this paper. In the industrial equipment, is generally controlled in 1.05-1.20. In the actual operation of the boiler, it is very important to select and control correctly [5] . In order to study the influence of excess air coefficient on combustion better, the numerical simulation of furnace combustion was carried out with the excess air coefficients of 1, 1.1, 1.2 and 1.3 respectively.
As we can see from Figure 2 , when the excess air coefficient increases, the flame length becomes shorter and closer to the burner axis gradually. Because when the air speed increases, the air speed increases, and the interaction between air jet and gas jet strengthens, which promotes the mixing and reaction of gas and air [6] . Thus, the flame length becomes shorter with the increase of the excess air coefficient. The experimental results in literature 8 can verify the correctness of the above conclusions. A certain proportion of gas and air enter the furnace to burn. The heat they bring in includes two parts. One is the physical heat (enthalpy of gas and air) carried by gas and air, and the other is the chemical heat (calorific value) [7] of the gas. As can be seen from Figure 3 , the general trend of the change of the flame center temperature with the increase of the furnace depth is same when excess air coefficients are different. The highest temperature in the center of the flame increases with the increase of the excess air coefficient because the air is preheated by air preheater before entering the furnace. The preheating temperature is 453K. With the increase of the excess air coefficient, the heat of the air into the furnace increases. As a result, the highest temperature of the flame rises. At the same time, because of the increase of air volume, the amount of flue gas increases, and the heat loss of exhaust gas increases, so the outlet gas temperature decreases. At the same time, the average temperature in the furnace also decreases with the increase of the excess air coefficient.
The higher the average temperature of the flue gas is, the greater the radiant heat transfer of the furnace and the water wall is. In addition, the in air will be oxidized in high temperature area. With the increase of excess air coefficient, the highest temperature in the furnace increases. Meanwhile, the increase of nitrogen content leads to the increase of NOx concentration, which is unfavorable for the environment. Therefore, in order to increase the radiant heat transfer and reduce NOx at the same time, we should minimize the excess air coefficient and make the excess air coefficient tend to 1 when the air leakage coefficient of the boiler furnace tends to 0. 
The Effect of Changes in Load on Combustion
In addition to the excess air coefficient, the heat load of the boiler is also a factor affecting the combustion in the boiler. This section is aimed at the boiler with excess air coefficient of 1.1. The combustion in the furnace under 100% heat load, 75% heat load, 50% heat load and 25% heat load is simulated respectively to analyze the effect of the heat load on the combustion.
As can be seen from Figure 4 , when the model is constant and the excess air coefficient is certain, the length of the flame does not change with the change of the heat load. Because in the turbulent condition, when the velocity gradient of air and gas is the same, the flame length of the gas diffusion combustion of the coaxial jet has nothing to do with the gas flow velocity, but only with the size of the burner nozzle. In the process of load change, the size of the burner is constant, and the diameter of the gas and air nozzle is constant, so the length of the flame does not change. With the decrease of heat load, the average temperature of the furnace decreases and the temperature of the outlet flue gas is reduced. At the same time, the flow velocity of the flue gas attenuates with the increase of the furnace depth. When the heat load is reduced, the inlet velocity of gas and air is reduced and the velocity of the outlet decreases.
